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The Leading Edge

SEAM update:
Models for EM and gravity simulations

The primary objective of SEAM is 
to conduct geophysical modeling 

of relevance to the petroleum industry. 
Most of the discussion to date regarding 
the project and its Earth model 
has focused on its seismic aspects. 
Since the initial modeling objective 
of the SEAM Phase I project was 
variable-density acoustic simulation, 
P-wave velocity and density were 
the primary parameters defined for 
the model. However, the project is 
also simulating gravity, controlled-
source electromagnetic (CSEM), and 
magnetotelluric (MT) data acquisition, 
which require the construction of a 
resistivity volume as well. These nonseismic simulations are 
funded under a research subcontract (#07121-2001) from the 
Research Partnership to Secure Energy for America (RPSEA).

The main elements of the SEAM Phase I model have been 
described in an article in the August 2008 issue of TLE. The 
goal at the start of the SEAM project was to capture as much 
physics and realism as possible in a 3D model that was rel-
evant to oil and gas exploration. Certain facets of the model 
were designed to go beyond the capabilities of current seismic 

modeling technology. The philosophy behind this was that, 
over the 10 or more years of the expected lifetime of the mod-
el, such capabilities would evolve and become available. 

An important design goal for the SEAM Earth model is 
internal consistency across the domains of rock properties 
(e.g., fundamental parameters like Vshale, porosity, and pore 
fluid type), the intermediate level elastic and electromagnetic 
parameters, and the output simulations for seismic, electro-
magnetic and gravity fields. (Vshale varies from 0 to 1 and in-

Figure 1. Rooting the SEAM model in rock properties: from geology and petrophysics 
to geophysics.
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dicates the relative volume of sand and shale lithologies, where 
the shales are taken to be interbedded with sands. Within a 
cell of specified Vshale, the sand and shale end members fol-
low different porosity and modulus trends.) By rooting the 
ultimate simulation back to the rock properties, any changes 
in the latter are guaranteed to change all the elastic and other 
parameters automatically, consistently, and with the appropri-
ate correlations.

A model founded on rock properties provides a test bed 
not just for the inversion of seismic data for reflectivity, but 
also for the inversion of one or a combination of seismic, grav-
ity, EM, or reflectivity data for reservoir properties. Thus it 

challenges not just processors, tomographers, and imagers, but 
also the reservoir characterization and monitoring interests. 
For this purpose, it was crucial to choose a set of geological 
property “basis functions” that are largely independent of each 
other, and in combination, span all pertinent elastic proper-
ties. Figure 1 illustrates the relationship between rock prop-
erties, geophysical parameters, and simulation output along 
with the inversion from simulated data back to rock proper-
ties.  

The bulk density model used for the acoustic simulation 
formed the basis of the density model used for gravity, and it 
is a function of Vshale, mineral density, sand, and shale po-
rosities, and fluid type. To facilitate the simulation of gravity 
responses over the model, the original density model (dX = 
dY = dZ = 10 m) was resampled to a grid size of 40 m in each 
horizontal direction and 20 m in depth. Gravity responses of 
the model include vertical component of gravity (Gz) and six 
gravity tensor components (gradients) Txx, Txy, Txz, Tyy, Tyz, 
and Tzz. Two sets of gravity anomalies were calculated, free-air 
and Bouguer (Figure 2). All calculations were performed on 
two levels: zero elevation to mimic marine data and 150-m 
elevation that roughly corresponds to typical airborne acquisi-
tion flying altitude in the Gulf of Mexico. 

Figure 2. Bouguer anomalies at sea level. 
Bouguer correction density = 2 g/cc. Back-
ground density = 2.2 g/cc.

Figure 3. Cumulative vertical sum of reservoir thickness. Black = 0 
m. White = 800 m. Note how either salt or the northern model edge 
truncates the turbidite stems. The WE CSEM line at 20,750 is located 
slightly above the center of the figure.
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In keeping with the basic model of interbedded sands and 
shales (as opposed to dispersed clays within the sand pore 
space), the resistivity model used for sand is appropriate for 
a granular medium containing ionic fluids (i.e., Archie’s law 
with constant exponents) involving sand porosity, brine sat-
uration, and brine resistivity. The native shale resistivity was 
modeled using an empirical relation involving shale poros-
ity that is faintly similar to Archie’s law and is intrinsically 
anisotropic, its anisotropy increasing with depth. The sand 
and shale resistivities in each cell were then combined into 
bed-normal and bed-parallel bulk resistivities using series and 
parallel averages, respectively, over Vshale. Hydrocarbon resis-
tivity was taken as effectively infinite.

The rotation of the bed-normal and bed-parallel resistivity 
tensor into the geographic vertical and horizontal frame after 
structuring is a straightforward tensor rotation. However, dis-
cussions within SEAM revealed that little if any EM simula-

Figure 4. Vertical cross section of σv along the modeled survey line.

Figure 5. Pseudo-sections for the inline electric field (Ex) at 0.2 Hz for 
the survey line at 20,750 m north. (top) Normalized magnitude. (bot-
tom) Phase difference. The yellow spheres indicate the positions of the 
receivers on the seabed. Note that the vertical scale used to indicate the 
variations in bathymetry is exaggerated.

tion is currently done using the full nine-component conduc-
tivity tensor, but is accomplished using at most three elements. 
One approach is simply to ignore the off-diagonal elements, 
but because this still requires the use of azimuth, which most 
EM simulation codes do not use, we decided to average the 
tensor about the vertical axis, thereby integrating out the azi-
muthal variation of resistivity. Then we masked seawater and 
salt resistivities into the model with constant isotropic values 
of 0.3 and 100 ohm-m, respectively.

Various reservoirs were included throughout the SEAM 
model to add more realism and to provide interesting targets 
for acquisition/VSP design, noise suppression, seismic imag-

 Call for 

SEAM Corporation announces a forthcoming call 
for bids from vendors to conduct elastic simulation 
on the SEAM Phase I subsalt elastic model.

SEAM Earth Model

Work to be conducted under RPSEA research 
subcontract 07121-2001

For Elastic Simulations

Interested vendors will be required to pre-qualify 
by providing benchmark simulations.

Companies who may be interested in submitting pre-qualifi cation 
shots should send a brief statement of interest, including information 
about capability and history in performing large-scale acoustic 
simulation over complex models to seam@seg.org.

Vendors
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ing, EM discrimination, inversion, and interpretation. The 
imaging challenge presented by these reservoirs ranges from 
mild to severe. A reservoir might be difficult to image because 
it is in a seismic shadow or because its impedance contrast is 
small, but away from salt the seismic imaging or EM detection 
of shallow oil reservoirs should not present a problem. The 
three reservoir types employed represent localized turbidite 
fans, widespread and superposed turbidite sheets, and highly 
channelized complexes. They variously contain oil, gas, and 
brine. 

To get a sense of the total areal distribution of the 15 res-
ervoirs that are included in the model, Figure 3 shows a cu-
mulative vertical sum of all reservoir thicknesses, without and 
with the salt body, which truncates all the exposed turbidite 
stems. The thickest cumulative areas are immediately east and 
west of salt where the channel systems cross the thickest turbi-
dite concentrations. Visible in dark gray are the deepest sheet 
turbidites, superposed by the three channel complexes, and 
capped in light gray by the localized turbidites. Large areas of 
the deepest reservoirs are truncated by the salt.

Two CSEM line surveys over the anisotropic SEAM 3D 
resistivity model have been simulated using the fast 3D finite-
difference time-domain (FDTD) modeling code of EMGS. 
Figure 4 shows a vertical cross section through the vertical con-
ductivity model (σv) along one WE line at 20,750 m north. 

The main objectives of this initial study were to become 
familiar with the SEAM model and to generate first synthet-
ic data sets for benchmarking purposes. The results will also 
be useful for choosing the survey configuration and simula-
tion parameters for modeling of a 3D CSEM survey, which 

is a much more resource-demanding computational task. The 
modeling resulted in electric and magnetic field data for fre-
quencies between 0.05 and 4 Hz sorted in common-receiver 
gathers, as is typically the case for frequency-domain marine 
CSEM surveys. This allows easy extraction of magnitude ver-
sus offset (MvO) and phase versus offset (PvO) information 
for any field component and frequency.

A fast way to get a first impression of the spatial data varia-
tion and sensitivity of the CSEM measurements prior to run-
ning inversion-based subsurface resistivity imaging methods 
is to compute attributes such as normalized magnitude and 
phase difference using the synthetic in-towing response of the 
westernmost receiver as a reference and subsequently sorting 
these attributes into the midpoint-offset domain to create 
pseudo-sections. These pseudo-sections, shown in Figure 5, 
clearly show the presence of the salt and the thin resistors at 
the eastern flank of the salt body. 

More details of both the gravity and CSEM simulations 
will be given in an upcoming report in TLE. 

Acknowledgments: Dave Alumbaugh, Neville Barker, Richard Coo-
per, Michael Hoversten, Lucy MacGregor, Friedrich Roth, Daniel 
Shantsev, Len Srnka, and Volker Ullrich. 

 
—Joe Stefani, Chevron

—Michael Frenkel, EMGS
—Neda Bundalo, Marathon

—Richard Day, ConocoPhillips
—Michael Fehler, SEAM

Vacancies in the Geophysics Department, Schlumberger Cambridge Research (SCR)
Schlumberger is the world’s leading supplier of technology, integrated project management, and information solutions to customers 
working in the oil and gas industry worldwide. We employ approximately 77,000 people representing over 140 nationalities and working 
in more than 80 countries. SCR is a science and engineering research laboratory, located in Cambridge, UK, that carries out fundamental 
and applied research developing new technologies for the oil field. We currently have the following vacancies:

Research Scientist, Modeling and Inversion, permanent staff position. Ref: RS 

We are seeking to recruit a research scientist to work on modeling, imaging, and inversion of seismic data for subsurface characteriza-
tion in terms of geological structure and rock properties. The successful candidate will have a PhD in geophysics or a related discipline, 
and have a proven track record developing innovative research solutions in the field of seismic imaging and inversion. Experience in a 
commercial geophysical research environment will be an advantage. A start date in early 2010 is preferred. 

Post-Doctoral Researcher, Acquisition and Processing, 2-year fixed term. Ref: PD

The acquisition and processing group is currently looking for candidates for a 2-year post-doc research position involved in developing 
novel seismic acquisition methods through experimental tests and advanced data analysis. The successful candidate will have a PhD or 
equivalent experience in geophysics, preferably seismics. A good knowledge of seismic wave propagation, processing methods, data 
analysis and considerable numerical mathematical skills are required, as well as experience with geophysical data acquisition. The start 
date is early 2010. 

Both positions offer an attractive salary and comprehensive benefits. To apply or request 
further information please send a detailed resume to Kate Evans at scr-recruit@slb.com 
quoting the reference RS or PD in the subject line. Closing date for both vacancies  
is February 19, 2010.  Schlumberger is an equal opportunities employer. 
www.careers.slb.com ©
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